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INTRODUCTION 
A» a result of glaolal action, field observations 
and morphological reports (5*16) indicate that the soils 
of Massachusetts manifest a considerable degree of hetero 
i 
genelty with respect to composure* In this connection, 
the weathered rock material from which these soils are 
derived, exhibit marked variations, both In texture and 
composition* These factors ought to exercise some in¬ 
fluence on the ability of a soli to supply nutrients 
essential to plant life by base exchange reactions* It 
was therefore deemed desirable to investigate the base 
exchange properties of these soils as affeoted by parent 
material* 
I* Review of the literature 
A large amount of information (3»l5#l6fl7#*8) has 
been published on the soils of Massachusetts, but little 
to no Information pertaining to the influence of parent 
material on base exchange properties has been made avail¬ 
able in the literature* However, such studies (5,1,13) 
on soils of other areas have provided a useful back¬ 
ground to this investigation* Most of these studies 
2- 
have been confined to the clay particles, because base 
exchange properties are affected primarily by these soil 
fractions* Grim (9#10) and others have shown that the 
amount and composition of the clay, particle size, or¬ 
ganic matter (29)# and miscellaneous non-clay impurities 
are important in this mechanism* In relation to profile 
studies, Coleman and Jackson (6), and Whiteside and 
Marshall (30) have shown that base exchange properties 
Increase or decrease with depth in the soil profile in 
an Irregular fashion following clay content, and also 
composition* Organlo matter, usually present in the 
top-soil layers increases the amount of base exchange 
capacity above that associated with inorganic clay ma¬ 
terials* 
In some old or mature soils, however, illuviation of 
the whole clay to lower soil horizons results in much 
higher base exchange capacities exhibited there* 
Peterson (23) in his investigation of some Iowa 
soils found that the predominance of a clay material 
capable of base exchange capacities in the parent material 
is more or less reflected in the entire soil profile* It 
was admitted, however# th&t changes in the clay materials 
of the top layers as a result of further weathering with 
- 3 - 
age say modify the existing relationships* These changes 
were illustrated by Bray (4) in his Illinois soil studies. 
It was also observed by Kelly, Woodford, br& Dore (14) 
in studies conducted on some southeastern soils that 
montnorillonltle clays capable of high base exchange capaci¬ 
ty were found in the parent materials, even though the 
top-soil showed low base exchange haollnitlc clays. A 
possible explanation given for these differences was that 
the clay had been altered by the prolonged high tenireratures 
and rainfall to which thebe soils had been subjected. 
These observations Indicate that other soil-forming factors 
mentioned by Jenny (11) are operating besides parent material. 
Inasmuch as Massachusetts soils are young soils, and 
relatively unweathered and shallow as coiapared to soils 
of other areas (16), it is quite possible that an the 
basis of the above relationships, some connection 
between the top-soil end parent material from which the 
soil was derived nay be expected. 
■k 
II* Proposed Plan of Investigation 
The general objective was to conduct chemical and 
physical tests in order to derive information concern¬ 
ing the relation of soil formation to a soil property* 
namely base exchange* The detailed objectives were 
first, to determine the chemical and physical differences 
between the various soil clays of diverse parent mater¬ 
ials* Having established these differences, the next 
step was to determine the variations in the base ex¬ 
change properties resulting from the differences in the 
nature and amounts of the clay in the soils taken* In 
the third objective, the relationships between the parent 
material and its effect on the base exchange properties 
of its resulting soil may be evaluated* 
General Proceedure 
The top-soil and parent material were subjected to 
several analyses in order to satisfy the objectives of the 
investigation* Soil samples were selected from diverse 
parent materials, and the amounts of clay determined* 
Clays of certain selected samples were then extracted and 
analysed for their chemical constituents* The base ex¬ 
change capacity of the soil and parent material was then 
determined, and several top-soils were treated to remove 
\ 
5 
/ 
organic base exchange material, in order to determine 
the base exchange capacity of the inorganic portions# 
In addition, comparison studies were made by 
determining the amounts of exchangeable bases,-calcium, 
magnesium, sodium, and potassium in the top-soil and 
parent materials# 
III# Experimental 
A# Soil Series Studied 
l«PieId descriptions of soils and parent materials# 
Typical series from which the samples of soil and 
parent materials are representative have been classified 
in two sections,-unstratifled glacial till and stratified 
glacial till as shown In Table la and lb# One hundred 
forty samples were available for this investigation* 
of this number, after several preliminary tests, forty 
four of these were selected for examination in this study# 
As can be seen from these tables, they represent a broad 
* ' ' ' i • 
“ J-j 
range of parent materials mostly from western Massachusetts# 
It Is to be noted In this table that the Glacial till 
* '1 
unatratlfied soils occur in rolling, hilly to mountanous 
terrain, while those stratified in origin are soils lying 
In flatter valley areas# It is also evident that the 
tn
ts-
 
m
o
u
n
tainous
 
;#
-m
aterial
 
- 6 - 
o Q o w to Sg 25 CO co oo 
o H P o H O O ct a h» o a o 
p o p p P O *3 O p p <4 *3 P 
o d *3 p 3 3; P o O P a P p B o H P a p p *r X a *3 a 
P e ct a »*♦> >3 P P H a 
a O O P P *3 »-* 
ct P m a 0*5 P a 
a d m P Pj »-» 
** a O C'v 
p a 
CL 
W to a a o s? O Q Q Q O 
P a a 2 p P P »3 ►< *3 »3 o CO p 3 a a »—* a © a a a o 
p P p p a y-* a p p a a > 
o P g g P P p p p p tt H3 
P B a p a M 
»3 ** 3 *3 to to to W O 
*< «< »i> a H a a p a 
P p P ►s ►3 >3 
a d a *3 >3 P *3 
H *3 P P H* H> P 
' * CL OS CL J3 
OS S £ & » 
P p p P 
O o o O 
P p p P 
tt 00 O 
€ 
B CO 00 co t*< fc-4 t-< K S to W 
P o •3 d H* o o O P H* H» p a a o 
5 P* a p O p p P 3 3 B o p ^ B 
p ►3 P P P p a CD |£) a a a a p 
P a «t a et»(fe a a a a p a % >3 P P 
«t p P o a >-* a ct p _ p p a p p p p a 
O * a P» P o p » « B O O >3 o p 35 p 
P ta POS ct p p a P P P p p p 3 P p 
a p P a p P P h* P a a a a a a 
P ct P a p a 3 P'f a 
P P vt a tt a a a a p a p 
CD P % o a o o a b>* o 
« Ct to « p P p a p 
a p O P p p a 
p a a a 
p a p p • 
P % to fc> > 
ct a a < 
VW VN ro ro a ro lu IV) lu vw ro 
O -t" £ 
a 
O o o o o o a p *3 
1 1 i 1 i i 1 T i 1 p p a 
vw VM VWVW on ro ■fz- V*l v» vw P os 
ON ON ONO o -p* o On O o p a 
g; o 
P P P P P P P P H* P p a 
3 P P P P P P P P P p p 
S O a O o o a o a o o • 
Sr ' P P P P P p P p P p 
ft- a a a a a a a a a a 
01 a a a a a a a a a a 
►3 
o 
iy P ►3 P p *3 P P P P P 
P B p o P P O H- H* H» P p o 
9 pp P P a 
p p K H?H t-* I-* P P p 01 
p p p P H H P P p ►3 
a P P v* «<3 P P M M *< a 
l— P P P o 
ct ct P0«5 ct P«« OS P P P P p p 
O O «« o O O O o o o 1 < , 
Ct ct 
O B B O 3 B 3 3 3 
ct 
a e sr $ a a P . a sjf 
Q Q ir* HOS *3 Q 
*3 
o o O B O P Q Q to Q Q O O a 
o O a u O P 
a a a a *3 
o OOS P O O o o O p 
0b o OOP o o o Q o p ►j a a CLO »3 CL D* cl d a p 
• a w ct a os 
a *-* o Ct • ' / ' » a 
o O 
** ' 
T
able
 
la
 
L
o
catio
n
,P
aren
t
 M
aterial,T
opography,A
verage
 D
epth
 to
 
P
aren
t
 M
aterial,an
d
 D
rainage
 C
h
aracteristics
 fo
r
 
U
n
stratified
 G
lacial
 T
ill
 S
o
il
 S
eries*<
3)
 
T 
Y' 
• 1 -"f'.V* jMr?" 
5as 
0 
£ 
® U O ► #* 3 4*^ * 
a » a 
*0 « H D O 0*00 
o a K a 
SO *4 ©«rl 
i 
3 1 
U £ 
«o 8 <8 
•% c 
ss*4 O «<0 OMH 
2 
o 
a 
8 
s 
*r1 
f 
-'O 
s 
3 
i 
a 
so 
* 
3 
e 
i 
d 
© 
V A. 
P% 
M 
a 
a 
m 
9 9 3 
O «H & 0 H H 
00 0 0 
s§ d d 
r-f r-4 r>4 © 
© a 
>*a sz 3H © c 
r—< ^ 
© 
J3 
a 
o 
T 
<? 
« 
© 0 O d 
v 
I HA 
W 0 O 
I 
* 
© 
0 
s 
o 
d 
v 
c 
o 0 
<1 
d 
w 
i 
•4 
& 
s 
8 
d 
B 3 SO 
e 
s 
a 
o 0 
s 
§ ■H 
o HA 
« 
O 
I 
«k 
8 © 
«H C SS«rl 
33 
t! a 
I? 
o 
■s 
m 0>4 
u © 
a 
05 
- A - 
Qr
on
o 
C
ba
pl
ai
nv
ll
l©
 
C
l&
j 
2i
4*
j6
 
in
ch
es
 
le
v
el
 
to
 
F
a
ir
 
to
 
u
n
d
u
la
ti
n
g
 
G
oo
d 
S
ur
f}
 
Ia
pe
de
d 
le
w
er
* 
depth to parent material is relatively shallow, which 
would be expected in these geologically young soils* 
Drainage although variable, is generally good. Climatic 
conditions are humid temperate with an average annual 
rainfall of 35-^5 inches. 
More detailed descriptions concerning the respective 
soil series listed in Tables la and lb, — accompanying 
soil maps can be found in the complete soil survey reports 
of Massachusetts soils (13,16,17,18). 
2. Preparation of Samples 
In order to have relatively uniform conditions in 
performing these experiments, the one-pound samples of 
parent material, designated as ”Cn Horizon, and of the 
surface soils, nAn Horizon, were spread out to air-dry, 
clods were broken up, and the material passed through a 
two-millimeter sieve. The sieved material was then stored 
in quart jars for use as needed to carry out the tests. 
In some of this work, moisture loss was determined 
for the soils at 110°C., by heating a separate portion 
representative of the one being tested in this study. 
This served to standardize the results on a comparative 
basis. In respect to moisture. In several oases, where 
the soil was obviously sandy, and a large amount of soil 
taken, the above practise was not followed, the experi- 
mental error in the slight moisture loss being considered 
negligible* 
B»Meohanlcal Analysis of the A and C Horizons 
Many investigators (6,9,114,26,30) have shown that clay 
content and composition materially influence base exchange 
* 
reactions,because base exchange properties are largely a 
property of the clay*It was therefore deoided to determine 
the variations in the amount and nature of the clay in the 
parent material and top-soil in order to better evaluate 
these differences,as reflected in base exchange capacity* 
For the determination of the particle size dlstribu- 
• , * 
tion in these samples,the method of 0lmstead,Alexander,and 
Mlddleton(20) used by numerous investigators was followed* 
This Involves the adequate dispersion of the samples by 
treating weighed portions of soil twice with six per cent 
hydrogen peroxide,and digesting the soil overnlte on a 
steam bath to destroy organic matter*The oxidation of or¬ 
ganic material was followed by leaching with distilled wa¬ 
ter, using Chamberland-Pasteur filters.The resulting soil 
sample was dried,solution loss determined,and then agita- 
f 
ted overnlte(twelve hours) in a side to side shaker,using 
sodium oxalate as a dispersing agent* 
-10- 
The allt and clay suspensions were separated from 
the sands by a 300 mesh sieve, and then mad© to a known 
volume for mechanical analysis* The cylinders were 
placed in a constant temperature room, the contents 
agitated and allowed to settle* Pipette portions of 
silt and clay were taken immediately; clay less than *003 
millimeters were taken after one hour; and, the clay less 
than *002 millimeters was taken at the end of six and 
one-half hours* These separations are based on Stoke's 
Law for sedimentation velocities* The amount of clay 
4 » i ; * * . • * • a 1 $ . , , \ 1 ' , t . ' . ' 
less than *003 millimeters was added to the total sand* 
This weight was subtracted from the weight of sample 
after hydrogen peroxide treatment, to give silt* 
In some calcareous soils, the hydrogen peroxide 
treatment was not effective in removing organic material* 
t 
Apparently, hydrogen peroxide was decomposed by the alka¬ 
line reaction* This was particularly notloeable for the 
Dover and Lenox Soil Series, although the latter could 
; . , , ' l . J . . , t. i • . . f « ‘ > \ ' . • • • 
be corrected by treating out the alkaline carbonates 
with dilute hydrochloric acid* 
In regard to the Dover sample, this treatment was 
^ i »•* * * * * ’ ' > * v * •* * ' i 
undesirable, since the textural distribution of the 
f i \ , . i , * > 
* • • •' * > 
soil was completely changed, and the clay minerals 
possibly altered* 
1 
n 
The results of these determinations are expressed 
in percent total sample for the arbitrary limits speci¬ 
fied in the method# These results for the stratified 
glacial till soils and parent materials are tabulated 
in Table 2j for the unstratified glacial till soils in 
Table 3; and, for the calcareous unstratified glacial 
till soils in Table I4, with other pertinent data# 
A comparison of the particle size distribution 
for the A and C Horizons shows that in most samples 
the parent material is coarser than its resultant 
top-soil for the size groupings selected# This would 
indicate that further weathering is taking place with a 
decrease in particle size in the course of soil develop¬ 
ment of these series# There may also be some stratifi¬ 
cation of the original glacial deposit# The latter 
possibility is apparent from the data of the strati¬ 
fied glacial till soils where very coarse substratums are 
found in all but the Orono Soil Series# 
It is also evident that excluding the Orono Soil 
Series, most of these Massachusetts soils are low in 
clay content# On this basis alone, base exchange capaci¬ 
ties would be expeoted to be low# 
From the data of Table 2, clay contents for the 
Hadley, Agawam, and Merrimac soils, which are to a 
B
*E
*C
*-B
aae
 
e
x
change
 C
apacity;
 
s
u
e
t-m
i1
lieq
u
lT
alen
ts
 
p
er
 100
 G
raaui
 
-12- 
vo fO H 
• « 
VO 
? 
*-» 
CO 
vo 
H 
H 
K 
H 
** -4 
O VO s s 
H 
£ 
H* H 
s 
H H 
O O 
VO CD 
X X 1 <1 J- A & 
1 
p 
4> -i 
VM 
O 8 
> O 
# 
► o 
a <!» 
> o o ► 4 * 
O 
o 
11 i 
8 S $ 
s 
►* 
V 
a 
I g 
3 S S 
tf *T I sr sr 
e n h 
w w w P H» 
0 S3 
^ ft 
H VM lo 5 
vo 
vo 3 £ 
VO 
CD 
vo 
-*4 
VO 
-4 
ON 
H 
On VM 
ON 
• • ♦ • • • • • § • • • • t 
CO vn ON 00 vo -4 vo 0V o x=- IV) VM VO «*3 
ro VM VM VM VM IV) VM lo VM VO 
vo *-* 03 O -*4 H ON H VM o vo O vo 
• • # • « » 
«£- 
• • • 
fc) 
• • • 
CD ►-» Xr Cv VO O NO CD VO On -*3 
On ON ON VO 
to CD H vo CD *-* -4 o o> O GO VO H 40“ 
• 
i- 
• • t • • • • • • • • • 
w O ON ru VM —3 VO IV) —4 ON H* 00 IV) 
VM * r 1 XT' VM 
VO »-* o CD H- VM O VM Q VM o XT" o VM 
* « # 
to 
♦ • • • * « * • • • 
o VO ON IV) VO Ov ON O H o o o vo 
H ID 
♦ 
VO CD 
£ J5 
* • 
VO O 
o 
04 
XT' O 
* # 
VO XT 
CO 
o 
o 
* 
o 
-4 
ON 
o vn 
• • 
o -4 
o 
o 
—4 
O 
H VO VM VJ1 
• • • 4 
vo O vo vo 
Id 
-3 
SO 
vo 
VII 
* 
VM 
XT 
H* 
On 
« 
O 
VM +* XT 
& 
H 
O H VM O On VO Or H 
• • < • • f * t 
On H VM «^3 ON £4 On O 
to vO VM ro O ym* 
o VO O Or o H* O vo o to o ID O H* 
• • i • • • • • * * • • • • 
VM on H VO VM VO o o o vo o VO o to 
CD VM o O o VM o CD H 
SS 05 
8 CD . o 4 H* 
ft 
ID 
« CD 
• D 
vH D 
I® 
VO CD 
??£, 
OVPctl I 
^ oil 
H «« 
O 
A j\ 
a 
sr 
& 
8 
s 
H 
s 
c ^ 
p 
e 
p 
pf 
oh 
* 
if 
Si|« 
c» <5 
* trf 
T
able
 
2
 
M
echanical
 A
n
aly
sis,T
o
tal
 
a
nd
 
In
o
rg
an
ic
 B
ase
 E
xcba
 
C
ap
ao
lty
,Ig
n
itio
n
 L
oss,and
 
H
ydrogen
 P
eroxide
 L
oss
 
S
tra
tifie
d
 G
lacial
 T
ill
 S
o
ils
 
a
nd
 
P
aren
t
 M
aterials
 
B
«E
«C
*~base
 
e
x
change
 
c
a
p
a
c
ity
 
;
 
n
u
e
*
-
z
aillieq
u
iv
alen
ts
 
p
er
 
100
 
O
raoa
 
13 
w 
vn £ 
VO 
-4 
VO 
VJl 
VO 
VO 
VO 
CD 
t-» 
VX 
»•* 
W 
R 
VO 
R 
CD e 
H 
CO f* 
»-» vn £“ 
I 
§ * & 
8 
4- 
* 1 
IN) 
P 
k • P 1 w 0 
1 
P ► 
vi, 
0 
i* i* ► 0 v>i 9> 
25 09 
£ fl* i« 
o f* 
a 
O O w w 0 Q 8? * O O Q O P* S’ 0 0 H >—> O 0 O O f* H P p I— f* O O O 0 H H O O 
<| ** H* f* 0 d a Qj O O 0 £ CO CO 
r-» H t* H* 0 0 C5* O' s 3 O O a 0 
ct Ct a a 0 a> *1 *1 P P e CD »* H* 
O O a a fc* H* a a 
0 S3 ct ct n> CU ct ct CD 
a <fc 09 9 a a 
•1 e • ** ** 
On -pr VJ1 NX NJ1 NX Vn 
7G 
On 
O 45” ON VO f* On VO On 
* • • • • • • • • 
ON IO On 4=“ VJt H 45“ NX O 
fu 
£ 
VX tr NX 
-P“ NX NX NX 
VO H* O 00 VJ1 4^ —3 O 
• • • • ♦ • • • • 
ro vjn 10 -4 00 -4 ON O GO 
H »-» f-* H h* H 
O NX fo VO VO CD NJ1 O NX 
• • • 9 • • • • • 
IN) vx IN) -4 —4 ro vo -4 fo 
m H 5* * 
ON vn Nil *-* NX O ro -4 fo 
• • • • • • * • • 
H NO H 10 CD -4 NO VJl -4 
NX K NX . 4r* 
f* 
NX O £• IO 
• • • • • • • • • 
00 O NX vn NO O VJl NX 
VJl ON f—- NO 
& 
IN) 
1 co 
-4 NX NO -4 • p £ 
• • • • 9 vn p 9 
O O NX O vn i& 
O 
5“ 
NX NX 4T“ 
10 
NX &vn co P p 
vn 4=“ 0 P 0 01* H» 
• • • • • 1 1 H O 
vn NX ON 45- NO 0 vn ct P 
-4 IO 
H 
O 0 45" 
s 
^ 0 
vn h 
h-» 
> 
P 
P 
• • 9 • • £ p H 
vn -4 H ON ON hi M 
ON IN) vn O »■* 
a 
w 
O /V 
«/x O 
a 
a 
• 
On 
• 
ON 
• 
IN) 
* 
NX 
• 
NX 
CO |0M 
f* 
* *• ♦ 
w t3 
f* CD O GO B • O 
• • • 9 • * M ft 
NX CD 03 vn -4 e • P 
• Of* 
VJI 
« 
IN) 
co 
o 
-a vn 
* 
»-» 
v>i »-* £r 
• • • 
CD On VTI VJ1 
O 
• 
NX 
O 
CD ♦ 
45- 
CD 
NX 
k 
-4 
8? 
IO 
* 
ON 
H 
H 
H O 
• * 
~4 
NX H 
• 
s 
03 
8 
t-» 
• 
vn 
t-» 
t-» 
NX 
• 
73 
H 
• 
vn 
t*» 
* 
ON 
& 
w 
Ign
 
L
oss
 
ro 
• 
NX 
CD 
•4 
• 
NO 
O 
O ■* 
45“ 
f* 
vn 
• 
5 
O 
« 
$ 
-4 O 
• •* 
K 45- 0 
H 
O 
NO 
O 
* 
f* 
VO 
-4 
* 
vo 
0 
0 
* 
NX 
-4 
IO 
* 
O 
H 
0 
s 
vn 
# 
vn 
NX 
w 
ns w 
a> w 
83 
H»0$ 
a> 
W M 
• S3 W o 
• *S 
005 
9 P 
T
able
 
3
 
M
echanical
 A
n
aly
sis,T
o
tal
 
a
nd
 
In
o
rg
an
ic
 B
ase
 
e
x
change
 C
apacity,
 
Ig
n
itio
n
 L
oss,and
 H
ydrogen
 P
eroxide
 
L
oss
 
In
 U
n
stratlfied
 G
lacial
 
T
ill
 S
o
ils
 
a
nd
 
P
aren
t
 M
aterials*
 
W
B
X
U
&
 
00
1 
e
St
ie
qo
x©
 
-14- 
****** VX VX VX 
SM tO ** 
£r \1* & O > O 
Co $& CO 
S’ «* <* 
fi S 
flitlli 
O 
I 
ft 
« 9 9 
§ 
5 
*< 
a 
to 
I 
l 
s 
*0 *D HI H 
cr 
• 
H 
HP 
■ f 
5 » 
Vtt 10 VK 
si 
I 
n S 5 
& & o 
P P 
Cv V/» 
II 5 *< 
* ? 
s 2 
** * 
« 
vn 00 On 
* • • 4 4 4 4 4 4 4 # 4 4 |R vn ** -s3 VN 4* 0 vn to -4 -4 On VX e 
VX 
• 
*r 
vr 
• 
% 
4 
<5* NO 
4 
VX 
vn 
4 
Or 
VN 
4 
vn 
4 
fo 
vn 
4 
Or 
O" 
4 
pr 
H 
4 
K 
4 
VM 
vn 
4 
e 
# 
ID 
ON 
4 
KS» 
sit 
On -4 O VX 0 H -4 NO O VM On NO vn 1 * 
A 0 VX O fc ii P K VX Jr 0 c NO C3 VX -4 O vn 
• 
NO 
■ 4 
to 
4 
VN Ir 
• 
NO 
4 
NO 
4 
CD 
4 
NO 
4 
NX 
4 
O 
4 00 # VX 4 VX 4 VX vne- 5 JS 
IO VX H CO £ O H vn -4 NO vn -4 VN r 0 ID O VM 
0 
S A O 
• H 
• 
VM 
4 O 4 «P- 
4 
vn 
4 
** 
4 
-<4 # vn 4 On 4 VX 4 ID ®Nsr 
v/l o 
• I NO VX 
*r a> 
4 * On H 
On ID On tO O 
4 4 4 4 4 CD NO 00 NO NO 
O -4 
* f 
vn nji 
HP O CN 
• * 45" NO 
VH On VX 45” 
§ 4 4 4 NO o NO NO 
45- VX 
• • 
On H 
fU VX 
• • 
-si no 
Or 
4 
-sj 
4 
VX 4 # »-» 4 r ID 4 -N» 4 ID 4 vo 4 
VM 
O 
4 
|r 
4 
VX 
\g> ID CD 
4 
Ign
 
L
os
 
vn TO ON vn VM NO if NO vn CD VX vn -4 4* ON NO VM ** O vn ON vn vn H 0 H O O 
f ■' : 
ID 9 *# 0 O H O 4* O ID 0 VX 0 O 8 £. 
B 
4 
a? 
• O 
vn 
4 
vn 
4 
e 
4 VX 
-3 
4 
** VX 
t 
-4 
00 
4 t* VM 
4 VM 
vn 
k 4» 
4 
5 
4 
5 8- 
09 00 ® o 
>1 M* 
ID 
« 
m 
w 
« 
1 
H 
ST 
fg 
Tft O H 
<4 
T
able
 
4
 
M
echanical
 A
n
aly
eis,T
o
tal
 
a
nd
 
In
o
rg
an
ic
 B
ase
 E
xchange
 C
apacity,
 
T
o
tal
 C
arbon,and
 
Ig
n
itio
n
 L
oss
 
in
 U
n
stratified
 C
alcareous
 
G
lacial
 T
ill
 S
o
ils
 
a
nd
 
P
aren
t
 M
aterials#
 
-15- 
certain extent associated, are low* The Hinckley* soil 
series is extremely coarse, and the clay content is 
negligible* These soils are known to show many gradations 
as a result of the sorting and stratification to which 
they were originally subjected (16)* Distinctive tex¬ 
tural size groupings have been characteristic of many 
of these, at least in the sand and silt portions* In 
these samples, clay content less than two microns varies 
from 0*1 per cent to 3-4 per cent in the G and A 
Horizons respectively* The Orono soil series data differs 
greatly from most soils, and its formation from a material 
primarily clay is the apparent explanation* Its clay 
content of less than two micron size is 39~4l per cent 
in the parent material and 42-38 percent in the top-soil* 
In the case of the Orono soil, the similarity in clay 
content of the soil and parent material is obvious* 
For the unstratlfled glacial till, the amounts of 
clay in the top-soil increase in general with increasing 
day content of the parent material as shown in Table 3* 
However, the variation in clay content of the "C" Horizon 
is small* Comparison of the respective clay contents 
of less than two microns show that considerable clay 
must have formed during soil development, and exoeeds 
the top-soil two to three times in several oases* The 
Blandford soil series is an exception having six per 
cent in the A and C horizons* It may be that the C 
16 
Horizon was insufficiently explored in this case* This 
reasoning is based on the assumption that in these rela¬ 
tively young soils, clay content decreases with depth 
although accumulation of olay mixed in the heterogeneous 
till must not be overlooked as a possible explanation* 
The Dover soil is formed from calcareous parent 
material and has a low clay content as shown in Table 4* 
Tests indicate it contains very high carbonates as de¬ 
termined from carbon dioxide losses when treated with 
acids* It is to be noted that the ignition loss is 
also very high* The other soils are more loamy in texture, 
and variations in clay content less than two microns 
are somewhat proportionately reflected in the top-soil* 
This may also be more evident in particles less than 5 
microns* The Stookbridge Series has a relatively high 
olay content in the parent material and a large amount 
in the top-soil* This suggests that schistic or shale 
i 
materials were present in the original deposit which wea¬ 
thered easily to form this clay* In the soils which 
do have what apparently are secondary accumulations of 
shale and shlst, these series might bear a difference 
only in degree of the original mixing caused by the 
glacier* Detailed mlneralogical studies might complete 
the picture and present a more quantitative observation* 
It would appear from the data of the mechanical 
analyses that there are wide variations In texture 
and more specifically clay content, and that. In general, 
high clay contents in the parent material are associated 
with relatively high clay contents in the A Horizon* 
Also, where the difference in amounts between the top 
and parent materials is large, further weathering or 
stratification of original deposit is suggested to ex* 
plain these differences* This is borne out to some ex* 
tent by the decrease in particle size of the sand, silt, 
and clay of the A Horizon* 
It is well known that base exchange capacity, loss 
on ignition ftnd organic matter loss with hydrogen peroxide 
or organlo carbon are associated with the clay and organic 
colloid content of soils* These values for the soils 
studied are shown in Table 2, 3, and 4 with the mechanical 
analyses data* Further discussion of these properties 
and methods of obtaining these data will be discussed 
later, after the fundamental character of the clay has 
been determined* 
* * . i ^ ■ ‘ ■' • 4 
* Clav Separation and Analysis 
Clay materials are now generally recognized as 
consisting primarily of crystalline particles of 
hydrous aluminum silicates, and of organic materials* 
18 
Various amounts of hydrated iron and aluminum oxides and 
quartz are also present in greater or lessor quantities• 
Grim (10), and others (26,30), have shown that base ex¬ 
change capacity depends upon the particular minerals 
involved; and that each mineral has a characteristic 
range of base exchange capacity*For example, Kao Unite has 
a base exchange capacity of 3-20 ,Illite 20-40,and mont- 
morillonite 60-100 in terms of milliequivalents per 100 
grams of material* These minerals in their relatively pure 
state can be characterized by mineral analyses,such as 
thermal or x-ray*They oan also be characterized chemical- 
> 
ly on the basis of their silica-sesquloxide ratios*It was 
therefore decided to separate the clay fraction and deter¬ 
mine its constituents*Comparlsons could then be drawn be- 
tween the clays of the different parent materials and top¬ 
soils to better evaluate the Influence of the clay comp- 
sltlon as affecting base exchange properties* 
From literature studies by Whiteside and Marshall(30), 
Grlm(8j,and others(1,5,),clay separation is best carried 
out by fractionating the clay into portions usually below 
the size limit designated in the arbitrary limits of rou¬ 
tine analysis*Thls is done to Insure getting a clay frac¬ 
tion essentially free of unweathered materials,which might 
obscure or influence any interpretations made from mineral 
19 
or chemical analysis* This is also desirable to better 
identify the clay minerals which predominate in certain 
' • ' ' i 
size fractions of the clay* Although accurate fraction¬ 
ation is accomplished by the high speed super centrifuge, 
such apparatus was not available for this study* Con¬ 
sequently, removal of the clay was made by sedimentation 
methods* 
1 » 4 *■ \ 
This separation in the case of the "A* Horizon 
involved the use of the "beaker method" proce dure (24)* 
This is one of the many typical beaker methods, and 
details will not be given* However, dispersion was 
made by the use of sodium carbonate and distilled water* 
Hate of sedimentation was kept at 8*6 centimeters per 
twenty four hours, and the top suspension was removed at 
the end of this period* This gives a particle size max¬ 
imum of 1*1 micron according to Stoke*s law*Por the par¬ 
ent material ,a slightly different procedure was used 
whereby,1-2 hundred gram portions of material were sus¬ 
pended in large Pyrex jars containing distilled water* 
Dispersion was aided by adjusting the suspension to pH 
9 with ammonium hydroxide • At similar time intervals, 
the top suspension was siphoned off and collected into 
bottles* The suspensions of each horizon were collected 
each day* They were then concentrated and settled by 
flocculation with calcium chloride in the case of the 
20 
A Horizon, and with dilute hydrochloric acid for C 
9 
Horizon samples. The clay was then filtered, washed, 
* 
and dried* About 1-5 gtns were collected and saved for 
analysis* 
Chemical Analysis 
The essential constituents in the clay were analyzed 
by the fusion analysis suggested by Robinson (25) for 
silica, alumina, iron oxide, sesquloxlde, calcium oxide, 
tltanla and magnesium oxide, and Ignition loss* Potassium 
oxide was made on the same sample (2) Instead of by the 
J* Lawrenoe Smith method for lack of sufficient extracted 
* 
clay* The range of values of potassium oxide found is 
therefore stated In the results as an approximation ra- 
* 1 
ther than tabulated with the other data obtained* Sodium 
oxide was not determined, and the small amounts of phos¬ 
phoric pentoxlde was included with the alumina* 
Results of the chemical analysis are expressed In 
percentage of these constituents on an Ignited clay 
(7°0 q) basis and are tabulated in Table 5* Derived 
data for the Silica / Alumina ratios; for the Silica / 
Sesquioxide ratios; and for the Silica / Iron oxide 
• 1 t 
. . 'I-■ • • j * • a I , . ‘ 
ratios are shown in Table 6* Only samples of certain 
selected profiles were taken, but sufficient variation 
, # 
to get a partial picture was obtained* 
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Table 6 Derived Data-Moleoular Ratios of 
Colloidal Clay In Glacial Till A 
and C Horizons* 
Sample I 
Humber 
• • 
• • 
Soil 
Series 
I Molecular Ratios 
■....... II 1 
e 
e 
. # 
• S102/A1203 • SiOg^Oj • S102A^203 • 
130-IA Stockbrldge 2.34 1.85 8.99 
131-20 Stockbrldge 2.35 1.8* 8.28 
122-5A Worthington 2.54 1*77 5.77 
123-6c Worthington 2.140 1.74 6.36 
128-1IA Woodbrldge 2.11 1.53 5*54 
129-12C Woodbrldge 2.36 1.75 6.74 
12U-7A Blandford 2.00 1*4 3 5*64 
125-80 Blandford 2.42 1.77 6*62 
95-18A Charlton 1.82 1.45 7.03 
97-20C Charlton 2.05 1.58 6.97 
Sl-ijA Coloma 2.89 2.07 7.32 
82-50 Coloma 2.98 2.21 8.49 
98-21A Hollis 1.79 1.45 7.61 
H0-9A Hadley 2.6)4 1.86 6.32 
110*100 Hadley 2.76 2.01 7*33 
89-12A Orono 3.07 2.34 9.87 
90-130 Orono 3.29 2.56 11.60 
r2°3~ Includes P^O^AlgOj^and PgOj* 
Prom the data In Table 5, it will be observed that 
the ignition loss is higher for the A than C Horizon, 
apparently due to the organic matter present* Calcium is 
high in the A Horizon samples as a result of the floccu- 
lant used in the separation* The low calcium content in 
the parent material is to be expected since calcium plays 
little part in lattice considerations* The iron oxide 
content is very high, and shows little loss in the A 
« 
Horizon by comparison* Most of this is probably in the 
free hydrated oxide state* Any extensive leaching out 
of the iron oxide could be more adequately ascertained 
«|M * » 
by complete soil profile studies* The large quantities 
of magnesium oxide and the 1-3*5 per cent of potassium 
oxide found indicate clays, other than the base free 
kaolinitio types are also present* There appears to be 
• « • . v ’ 
a slight loss of some of the bases in the A Horizon, 
* . ( i * 
indicating that some breakdown of the cl^y is occuring* 
It is generally accepted with some reservations 
always given to evaluation of minerals by chemical 
analysis that clays with low silica sesquioxide ratios 
are characteristic of the kaolinitio low base exchange 
■1 
clays, while high base exchange montmorillonltic clays 
have greater ratios* In order to better evaluate the 
nature of the extracted clay from the soils and parent 
materials, the primary constituents of the clay,-silica* 
alumina,and iron oxide were calculated and expressed in 
molecular ratios•To obtain these ratios,it is necessary to 
convert weights into moles.This was done for the Silica/ 
alumina,Sllica/Sesquioxide,and Silica/iron oxide ratios. 
The results shown in Table 6 indicate a moderate range 
of values to exist,and it can be postulated that for the 
series studied,a diversity of parent material has been re* 
fleeted in the chemical ratios of the resultant clays.These 
observations cannot be stated without the qualification 
that experimental extraction may have collected some free 
‘ • » • • * t > ’ ' % , - J * . ;; * : • , i ' r . j i 'i • /. * i v • • 
quarts or other non-clay impurities,causing these fluotua- 
tions.This is always a possibility with sedimentation methods 
of extraction. 
In considering all of the samples analyzed,it is found 
that the Sllica/Sesquioxide ratio varies from 1*45 in the 
A Horizon of the Hollis and Charlton series to 2.56 in the 
C Horizon of the Orono.The Sllioa/Aluraina ratio varies from 
1*79 to 3*29jand the Silioa/lron oxide ratio varies from 5*54 
• t . ^ , > i J 1 1 t • i * * • ■ , \ ' '1* ’ . f 
to ll.6o.When these ratios are compared for the A andC Horizon#* 
some similarities within a particular series are noted for 
certain series.Of interest are the Stockbridge,Worthington,and 
Orono Series,which have a resemblance here and agree in 
clay content as well«Slnce most of these ratios are low. 
kaolinitic clays arc suggested* However, the presence „ 
of potassium and magnesium oxides suggest higher ratio 
* 
clays, possibly Illlte or hydrous mica clays* It may 
be that a combination of the two types of clay exist, and 
In varying proportions* 
To better substantiate the chemical analysis, which 
always encourages some reservation, a few samples were 
tested by thermal and xray methods* Although use of these 
methods was not thoroughly investigated, at least on 
the samples analysed some tendencies may be gathered* 
By means of x-ray analysis, results indicate for the 
clays of the Orono, Stockbridge, Woodbridgo, and 
Gloucester a mixture of Kaolinite and Illite as predom- 
lnate clay constituents* By means of thermal analyses, 
the top-soil clays for series Blandford, Hollis, Stock- 
bridge, and Worthington were found to contain the clay 
mineral Illlte, at least* The results are on relatively 
coarse fractions of clay; montmorillonite, if present 
was not revealed* Finer fractionation might reveal its 
existence, but postulating from those samples analysed, 
large amounts are not expected for the series examined* 
Occasional amounts of quartz were also revealed*Although 
the studies were only qualitative,their use might require 
further consideration in future investigations on the na¬ 
ture of clay minerals in Massachusetts soils* 
D* Base Exchange Studies 
Various investigators (1,9,13,23) have shown that 
clay content and composition are important factors in the 
, * ' ' 
amount of base exchange capacity expressed* Since there 
were certain trends indicated in several cases that clay 
content and composition in the parent material were re¬ 
flected in similar trends in the top-soil, a study was 
made to determine how base exchange properties were effect¬ 
ed* 
The base exchange capacity of the soils and parent 
materials was determined by the ammonium acetate method of 
Sohollenberger (28), in the first procedure used* Twenty 
to 100 grams of soil were leached with 500-1000 milliliters 
of a 1-normal ammonium acetate solution adjusted to a pH 7* 
The extract was saved for cation determinations* The ex¬ 
cess ammonium aoetate was removed by leaching with 80 per 
cent ethyl alcohol-water solution* The "fixed" ammonium 
cation was then removed by leaching with tenth normal hy¬ 
drochloric acid, made to volume, aliquots were taken, and 
the ammonia distilled into standard acid* The amount of 
ammonia released could then be determined by back titra¬ 
tion with standard base* 
To avoid excessive use of reagents, a modification 
of the leach centrifuge method as developed by Peech (22) 
was adopted* having the same basic principles as the leach¬ 
ing method described above* 
The Method 
Ten to 15 grams of soil were placed in Pyrex centri¬ 
fuge tubes of 50-60 milliliters capacity* Thirty milli¬ 
liter portions of ammonium acetate (1 normal-pH 7) was 
added, and the centrifuge tube* fitted with a rubber stopper 
was shaken for one hour in an end-over-end shaker* The 
contents were then centrifuged till the top layer was 
clear* and the top liquor then was discarded* Fresh 
ammonium acetate was then added to the tubes and similar 
steps repeated twice more* The sample was then washed 
with 80 per cent alcohol-water solution, four to five 
times in operations described above to remove all free 
ammonium acetate* After aloohol-washing the sample, 
the adsorbed ammonium ion was removed with tenth normal 
hydrochloric acid, distilled and titrated as in the 
previous method* 
For some soils* high in organic matter, some diffi¬ 
culty in wetting the soils properly with ammonium acetate 
solution occured* Upon centrifugation* the top liquor 
was not always clear* In suoh soils giving this trouble* 
the leach-percolation* or the first proce dure was used* 
The results of the base exchange determinations were 
/ » • 
calculated in terms of mi Hi equivalents per hundred grama 
of 8oil* This is done to place the soils on a comparative 
basis for study* These results are tabulated in Tables 2,3, 
and 4, and are compared to clay content and other detailed 
properties* For the latter. Organic Carbon was determined 
by the Sulfuric - Dichromate method (2ii)i Hydrogen Peroxide 
* 
loss was obtained during the particle size determination! 
o 
Ignition loss was obtained by igniting the soil to 700 C 
and calculating per cent loss as compared to weight of 
0 
material at 110 C* 
In general, these data show that base exchange capacity 
is much higher in the top-soil than the parent material* 
From the data of the organic matter loss determined 
w C “ * • 1 I ft # * *• »« 
by hydrogen peroxide and total Carbon data; this would be 
expected, since these soils contain fairly high amounts 
of organic materials capable of base exchange reactions* 
On this basis alone, direct relationships of base exchange 
oapaclty to clay content would be obscured* When the clay 
t V. % I * * » f * * * • * * * ** 
content of the C Horizon is compared to the base exchange 
capacity of soil series in Table 2, it is found to be 
almost absent except for the Orono Series where it is 
12-lii millequivalents per hundred grams with 39 to ill 
per cent clay less than 2 microns* A trend of Increasing 
29 
base exchange capacity with clay content in the C Horizon 
is also observed in Table 3, where increasingly high base 
exchange capacities are observed. The Hollis series appears 
to be out of line, but high silt content may be a partial 
explanation. The Gloucester Series appears too low also. 
In Table 1+, a like transition is seen for the C Horizon. 
When the results of the total base exchange capacity of 
the A Horizon are compared to clay content of the A 
Horizon, more irregularities, and greater values are to 
be observed. 
Although the values are low for those soils having 
about the same low clay content of clay, and higher for 
those high in clay content, organic matter has apparently 
obscured a more direct transition. To determine the nature 
of the inorganic base exchange only, the organic colloidal 
portions were removed with six per cent hydrogen peroxide, 
and base exchange capacity determined on the inorganic 
portion. Most of such treated soils are top-soils, and 
only a few parent materials were treated. Because the 
parent material contains little to no organic material, 
the total base exchange capacity would represent the 
Inorganic portions. 
The results of these determinations are shown in 
Tables 2, 3 and 1|. These data show a sharp reduction in 
base exchange capacity in most soils. The base exchange 
-JO 
capacities are low in Table 2, for low clay content soils* 
in the case of the Hinckley, Agawam, Merrinmc, and Hadley 
series. The Orono Soil Series is characteristically high 
in clay, and has significant base-holding capacity. On 
a comparative basis, those of the former, appear too high, 
and suggest some of the base capacity is expressed by the 
silt portions, or incomplete oxidation of the organio 
material (21) had occurred. 
In Table 3 and 4# it is shown there is a slight in¬ 
crease in base exchange capacity with clay content* but 
it is not proportional to the amount of clay in all cases. 
For example, the Hollis and Charlton soils have eleven 
percent of two micron clay, and a base exchange capacity 
of 8 milliequlvalents per hundred grams, while the Stock- 
bridge has 15-18 per cent clay with a base exchange capacity 
of 5~^ millequivalents. Two possibilities for explanation 
of this anomaly arise. Since the mineral nature of the 
f • * \ ' >'•*>■ * ' • -i 
clay might cause these differences, it was checked. The 
Silica/Alumina ratio was found to be less for the Charlton 
and Hollis indicating a clay of lesser base exchange capacity 
than the Stockbridge, and therefore it is suggested that 
some of the clay may lie in coarser particles of the silt 
fraction* 
From the data, in general, clay content and base exchange 
- 31 - 
are related in that low clay contents ere associated with 
low base exchange capacity and high clay contents with 
high base exchange capacity, but this is obscured by 
organic colloidal material. ^hen this is removed, more 
direct relations are observed. In some esses, no direct 
relation is seen. Since the two micron fraction is the 
basis of this comparison, fluctuations of clay particles 
to larger sites, and variation in the mineral nature of 
these clays nay partially account for these differences. 
Total Base Exchange Capacity and Loss on Ignition 
To further check the relation of brse exchange to the 
top soil properties or organic natter and clay content, 
the ignition loss was determined for the A Borison. Igni¬ 
tion loss, was determined by igniting a weighed amount of 
soil at 700°C. It includes the sun of losses or organic 
natter and clay lattice water, but in these sandy soils, 
its loss is primarily confined to the former. Results 
of these determinations are tabulated with hydrogen 
percrl&e loss and total exchange capacity in Teble 7 for 
Glacial Till &oils used in the study. The Dover soils 
with exceedingly high ignition losses due to carbonates 
were not Included. The hydrogen peroxide loss for the 
other calcareous soils was determined with no great dlffl— 
culfcy .It was decided to use these values Instead of the 
Total Carbon data shown in Table l*. 
It Is shown In Table 7 that with Increasing igni¬ 
tion loss,there is acorresponding increase in base ex¬ 
change capacity.There are a few exceptions,however* 
The Lenox and Pittsfield Series have low exchange capaci¬ 
ties with high ignition losses,but this loss Is primarily 
due to carbonates*The Orono Soil Series has high base ex¬ 
change capacity with relatively lower Ignition losses,but 
this less is mainly clay lattice water* 
B.Exchangeable Base Studies 
In order to more fully characterize these soils and 
parent materials as to their fundamental relationships in 
respect to pH,base saturation ,and exchangeable bases, 
which represent base exchange phenomenon ,the exchangeable 
bases Calcium,Magnesium,Sodium,and Potassium were determined* 
The ammonium acetate leachates obtained from the total base 
exchange determinations were made up to 5°0 or 1000 ml vo¬ 
lumes.An aliquot either l/lOth or l/20th of the total vo¬ 
lume was removed and sodium and potassium determined with¬ 
out further dilution or treatment by the flame photometer 
method(2).The readings obtained were compared against stan¬ 
dard curves calibrated in the required ranges of conoentra- 
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Table 7 Variation of Ignition loss and 
Hydrogen Peroxide Loae with Total 
Base Exchange Capacity of Glacial 
Till A Horizons. 
Sample 
Humber 
Soli 
Series 
' * 1 y « 4 ' 
Ignition 
Loss 
(Per cent) 
Hydrogen 
Peroxide 
Loss 
(per cent) 
a Total 
Base 
Kxhange 
Capacity 
110~9A Hadley 3.31 1.53 
. . j 9 ' •% 
4.9 
102-lA Hinckley 1^.60 2.38 5*7 
1011-3A Hinckley 3.22 2.30 7.6 
, t * ■ * 
80-3A Merrlmao 6.63 3.01 8.0 
1I4-3A Gloucester 6.84 5.53 8.7 
134-5A Lenox 6.95 6.8 
132-3A Stookbrldge 7.29 10.3 
130-u Stookbrldge 7.51 6.21 8.1 
95-18A Charlton 7.82 5.47 12.5 
136-7A Pittsfield 7*95 6.8 
124-7A Blandford 8.48 7.90 12.0 
128-11A Woodbridge 8.80 7.90 ll.J 
' 1 . \ * - 
122-5A Worthington 9.81 6.71 
V - ... . 
10.9 
89-12A Orono 10.62 . 4.90 17.0 
112-1A Gloucester 11.09 10.19 14.1 
91-lUA Orono 11.24 5.63 19.0 
98-2IA Bollle 11.43 7.24 13.0 
IO8-7A Agawam 12.70 11.21 17.0 
8I-J4A Coloaa 13.72 12.01 id.8 
a- Expressed in milliequivalents per 
hundred grans. 
tlon with known solutions and sodium and potassium derived* 
In this prooeedure (27,28), the remainder of the ex¬ 
tract was evaporated to dryness, treated with aqua regia 
to destroy organio matter, and the small amounts of silica 
dehydrated with perchloric acid* The sesquloxide group, 
particularly soluble Iron compounds, noticeably present, 
were removed by ammonium polysulfide# Calcium was de¬ 
termined by precipitation as calcium oxalte, and either 
titrated with standard permanganate solution or ignited 
and weighed as calcium oxide# The Magnesium was precipi¬ 
tated as Magnesium ammonium phosphate and ignited to 
Magnesium Pyrophosphate# 
For analytical reasons, volumes in which precipitations 
were made was kept low, for the amounts present from these 
soil extracts was seldom high# In a few instances, cations 
could not be determined by the above methods from the ex¬ 
tract available# This was particularly true in the strati¬ 
fied glacial till soils# For most soils, acidic in nature 
* 
and from humid climates, the exchangeable bases removed 
represent that present on the clay in exchange positions# 
In calcareous soils, however, it is admitted that the 
results would be high due to the solvent action of ammonium 
acetate on calcareous material# For the Dover and Lenox 
Soils, extractions were made using Hissink’s Sodium Chloride 
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method* and a 0*3 H potassium chloride-alcohol solution, 
for the purpose of preventing excessive solubity of free 
carbonate material* 
For the former method. Calcium decreased but the 
magnesium amount decreased only slightly* Results were 
still above that calculated from the base exchange de¬ 
termination* The latter method was found to give results 
difficult to duplicate, and It was Investigated no further 
In this study* For the presentation of results, only those 
obtained with the ammonium acetate method are given* 
Data from the determination of the exchangeable bases 
present are shown for the stratified glacial till soils 
in Table 8, and for the unstratlfled glacial till soils 
in Tables 9 and 10* For those soils In which cations were 
not determined in the C Horizon, no comparisons can be 
drawn* 
The base saturation was calculated to be the differ¬ 
ence between the total base exchange capacity and the 
total bases on a percentage basis of the total base ex¬ 
change capacity* Individual cations are expressed in 
percentage of total cations found* 
The pH values of the soils and the parent materials 
were determined by the glass electrode* 
These tables show that extensive leaching has taken 
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Table 9 Co&p&riaon af the Total Base Exchange Capacity, 
Exchangeable Bases, pH, and Base Saturation in 
Unstratified Glacial Till Soils and Parent Materials 
Sample Soil Total Total Bases as % Total 3a sea 3&se# 
Muabei: series B.E.C. bases 
Ga 
3a tn# pH 
m» e. m.e. Mg Ms X 
138-9A Dover 17.5 32.8 74.8 24.2 0.8 0.2 100 7.2 
139-10C Dover 0.5 21.5 36.1 63.7 0.2 100 7.6 
140-11A Dover 16.9 38.5 52.3 47.1 0.1 0.5 100 7.7 
141-120 Dover 0.4 9.3 46.4 53.6 100 7.5 
134-5A Lenox 6.8 9.9 60.2 38.4 0.6 0.6 100 7.1 
136-7A PI its- 6.8 14.8 78.4 20.5 0.0 1.1 100 7.0 
field . 
137-80 Pitts- 2.9 3.0 61.3 25.3 13.4 100 6.8 
field 
130-1A Stock- 8.1 8.2 76.5 17.0 0.6 5.9 100 7.4 
bridge 
131-20 Stock- 4.6 4.6 48.3 42.5 4.5 4.7 98.9 6.8 
bridge 
132-3A Stook- 10.3 11.6 74.3 23.5 0.3 1.9 100 7.0 
bridge 
133-40 stock- 5.9 5* 6 5^.7 42.8 2.2 4.3 95.4 6.5 
bridge 
122-JA Worth- 10.9 4.8 68.9 27.2 1.4 2.5 43.9 6.0 
Ingtun 
123-60 Worth- 2.9 1.2 64.7 16.0 0.8 18.5 41.0 5.9 
ington 
118-1A Wood- 11.3 4.2 65.0 21.9 7-3 5.8 36.7 5.2 
bridge 
46.7 119-20 Wood- 2.1 1.6 42.0 5.1 6.2 77.2 6.1 
bridge 
45.6 120-3A Wood- 11.3 1.8 Uli.O 2.2 8.2 16.1 4.9 
bridge 
34.2 60.0 120—3A Wood- 3.4 2.0 49.1 7.0 9.7 5.3 
bridge 
# - saturation: # 100 indicates saturation at or above base 
exchange capacity 
3.E.C. - Base Exchange Capacity; m.e. - Mllliequivalents ner 
100 Grams. 
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Table 10 Comparison of the Total Base Exchange Capacity, 
Exchangeable Cations, Base Saturation, pH, in 
Cnstratified Glacial Till Soils and Parent Materials 
Sample 
Musber 
Soil 
Series 
Tote 1 
3 * r. » C • 
n. e. 
Total 
Bases 
is.e. 
Bases as % Total 
Ca Kg Ha 
Bases 
X 
Base 
8&tn# 
pH 
124-7A Bland- 
ford 
12.0 2.44 38.1 38.1 *.5 19.3 20.3 5.2 
125-BC Blarsd- 
Pord 
3.8 0.72 34.8 5h.2 6.9 4.1 19.0 5.1 
112-1A Glou¬ 
cester 
14.1 3.72 t>3.8 41.1 3.8 11.3 26.4 5.2 
113-2C Glou¬ 
cester 
0.5 0.30 20.1 49.8 5.7 24.4 60.0 6.2 
114-3A Glou¬ 
cester 
8.7 3.36 66.7 22.1 2.4 8.9 38.6 5.5 
98—21A Hollis 13.0 2.19 26.9 64.4 3.7 5.0 16.8 4.2 
95-18A Charl¬ 
ton 
12.5 1.93 18.7 67. *» 3.1 10. e 15.4 4.8 
96-19 A Charl¬ 
ton 
11.2 1.27 IP.9 58.4 10.3 8.4 11.3 4.8 
97-20C Charl¬ 
ton 
3.3 0.71 2.7 55.0 19.7 22.6 21.5 5.3 
81-4A Colon* IS.8 1.90 30.0 50.6 2.1 17.3 10.1 4.4 
82-50 Colons 1.8 0.30 15.0 45.2 6.9 32.9 16.7 4.7 
S.E.C. - Base Exchange Capacity; m.e. - ndlliequivalents per 
100 Crams 
* Saturation 
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place In all but the calcareous soils, in which the base 
saturation is well over a hundred in most oases. In the 
other soil series, low pH and base saturation prevail. 
Of the unsaturated soils, there is no particular group of 
soils definitely better saturated than any other group. 
■ ’ . 4,‘ • * ' 1 * * t . >. i 
411 show various base saturations and pH's. In most soils. 
Calcium and Magnesium constitute the bulk of the exchangeable 
cations other than hydrogen. 
There seems to be slightly more Magnesium, sodium, and 
potassium in the parent material; for the latter two oatlons, 
little significant connection in the C or to the A Horizon 
could be found. In several cases. Magnesium increases 
proportionately to Calcium in the parent material. This 
may be due to the weathering of magnesium minerals in 
lower strata. 
Those soils high in base exchange capacity are not 
necessarily higher in the total number of cations. Notable 
exceptions are the Hollis and Charlton, and Coloma soils 
showing low base saturations, and yet fairly high base 
exchange capacities. 
The high limestone, as indicated by the exchangeable 
bases is apparently dolomltlc in nature, which occurs In 
the areas from which these samples were taken. (7)* 
When these soils are compared in pH, and base satura- 
! ) , ; , i , ; : ! ; • ; i > . ’ * ! , * • 
tion to parent materials, it will be observed that the pH 
and base saturation is higher for the parent material In 
most oases* Except for the soils having calcareous parent 
materials, no connection could he logically stated for re¬ 
flection of these properties on top-soil* 
The base saturation shows only a general relationship 
to pH* Reasons why It is not more specific can be explained 
by differences In the clay minerals and organic colloidal 
portions* This was borne out by Mehlloh (19)# who showed 
that the expression of pH at a particular base saturation 
Is governed by the composition of the clay) and only a 
general rule would be possible with a variety of field soils* 
IV* Discussion* 
In the soil series collected for Investigation In this 
study, the unweathered or practically unweathered parent 
material was compared to the top-soil in respect to base 
exchange properties*The sequence of decomposition and result¬ 
ant clay formation as reflected in base exchange properties 
up thru the soil profile within a soil series cannot be made* 
However#certain tendencies can be drawn by a comparative 
study of the parent material to the top-soil* 
In this connection,Massachusetts soils have been wholly 
glaciated|and#as a result#they are heterogeneous in texture 
and compositlon*For example,the quantity of stone present 
is an important textural consideration for field orop pro* 
duction reasons,and It may affect many physical properties 
of the resultant soli,as we11.More specifically,the per* 
centage amounts of clay,and the nature of its chemical and 
mineral constitution hare a great effect on its base exchange 
properties.In regard to those properties,the glacial origin 
of these soils must be considered In determining how this 
would affect the resultant clay. 
The stratified glacial till soils tend to show more 
gradations as a result of the sorting action of ancient 
glacial waters in which they were oarried. In some oases, 
the fine material has been almost removed,and deposited 
elsewhorefor it has been crudely stratified within a series* 
In the case of the Hinckley Series,its parent material is 
very coarse,and the soil apparently excessively drained* 
The terrace soils,*Hadley,Agawam and Merrlmao have low clay 
contents and Base exchange capacities,and although strati¬ 
fied are inclined to have finer slsed sediments»0n the other 
hand,the Orono Soli Series developed from a clay material 
has the most pronounced base exchange properties for this 
group* A direct connection to the top*soli base exchange, 
in all but the Orono Series is difficult to make because 
of the stratification apparently evident .However, the sand 
and slit fractions in some of these soils do show some re* 
semblance to the parent material in certain sise groupings* 
-1*2 
Xu general,ths unsfcrstified till anils In this study 
•bow higher slay eontent9and Indicate better comparisons 
to the A Horlson and Base exchange properti#s*This Is pre¬ 
sumed to be the result or aooumalatlons of mere readily 
weathsrable sohlsts and shales in the parent material •These 
aooumalatlons were probably present In the original till 
and formation to olay was comparatively a rapid process* 
Xn the case of the aloucester Boll Series,which was derived 
from granitic materlalSfWcatherlng might have been lees rapid* 
The exact tracing ef particular clay minerals formed from 
apeelflo parent rook materials la beyond the coops ef tbts 
study,but certain profiles ears studied free the wlewpolnt 
of observing the nature ef the olay la the parent 0 Hori¬ 
zon and resultant A Horlson. 
From the eheuleal analysis of certain selected A and 
C Horlson Clays .and the Halted thermal and X-ray data,the 
Orono ,Badley,Oolona,Charlton,Blandford,tioodbrldge,Werthing- 
ton.and Stookbrldge Series contain slay minerals of the 
Kaolin and IlUte groups la various but undetermined pro¬ 
portions. In addition,high pereentages ef Iron oxide,aad 
possibly alumina,beleiTed to bs unass oo la ted also is pre- 
senfc.Hontaoriilonlfclo slays nay exist,but aore preolse 
technique and aqulpaent would be neeeeeary to deteralne to 
what extent. 
The similarity of the ohemleal ratios In eons eesee, 
and the continued high Iron oxide content suggest that the 
weathering process has not been too severejand this would 
be to a certain extent expeoted in those series taken*Thls 
would mean that within a seriesfa certain amount of simi¬ 
larity in base exchange properties might be expected* Be¬ 
cause the exact mineral status is unknown,the above state¬ 
ment Is only general|and as Kelly and Page(12) point out 
the chemical analysis must be substantiated by other analy¬ 
sis to fully substantiate the nature of the clay in relation 
to its other properties* 
The separation of climatic faotors from parent material 
to better evaluate the latter is difficult*for these soils 
occur in an environment subject to extensive leaching due to 
rainfall*Kaolinltlc olays,low in base exchange properties* 
were found to exist and might be the result of leaohing of 
previously high base exchange materials* The possibility 
of this olay to be a dlreot weathering product from feldspars 
or other materials cannot be excluded*however* The hydrous 
mica,or Illlte*a possible weathering product of a^OfMgO* 
mica,also occurs in dome of the samples*and seems to be 
characteristic of shales or sedimentary clays(8)*Purther 
leaching and resultant loss of bases may lead to kaolinite* 
Because the base exchange capacity of these soils is 
low*they are unable to retain essential amounts of bases* 
except those soils such as the Orono*Stoekbrldge and others 
more loamy In oharaoter*The high amounts of organiw material 
In the top-soil account for this deficiency *For climatic 
reasons,these soils are unsaturated except in calcareous 
areas* This base unsaturation is signifioant in that the 
base exchange oapaoity may be high enough ,but the meeds 
for lime and other mineral nutrients are evident* The 
base status is typical of humid areas,and in the non-oal- 
oareous soils extends to the parent materials,showing that 
other agencies beside the parent materials are affecting 
this relationship* 
In reexamining the data in relation to the effect 
of soil forming factors on base exchange properties,the 
effect of parent material may be the greatest# In relatllon 
to base exchange of top-solIs,organic colloids which may 
be the result of climatic and vegetative factors play a 
great part* The effeot of age of material needs further 
• study* The effect of relief certainly has some influence, 
not only on terrain effects but in addition affects temp- 
eratures^nd for one thlng,might influence the relative 
decomposition and accumalatlon of organic matter and resul¬ 
tant top-soil base exchange capaolty*For these reasons,and 
because we are dealing with a heterogeneous system,the 
effects of parent material on resultant soil properties, 
mamely,-base exchange properties is not always clear* 
-45 
MJneralogical data supplementing other soils data, would 
< '• t ( * . 1 ' ' • 
clarify many of these relationships* 
V. Summary and Conclusions 
Samples of top-soils and parent materials of sixteen 
soil series geographically situated primarily in western 
Massachusetts were Investigated by a laboratory study 
of their mechanical analyses, total and inorganic base 
exchange capacity, ignition loss, hydrogen peroxide 
organic matter loss, pH and total exchangeable bases, 
ealclum, magnesium, sodium and potassium* 
In addition, the composition of the clay fraction 
was determined for certain selected soil series* Results 
of these studies were evaluated in terms of the influence 
of parent materials on base exchange properties* 
The chief difference found to exist among these soil 
series was texture of the parent material and top-soil* 
High clay content is generally associated with higher base 
exchange capacities, which are augmented in an Indefinite 
pattern by the high organic matter in the top-soil* 
The wide difference between clay contents of the 
parent material and the top-soil, in the absence of 
supposed stratification, suggests considerable day 
formed In the process of soil development* 
1*6 
The analysis of the clay fraction showed some differ-* 
ences from series to series yet tended toward similarity 
within the same aeries•These clays were identified in a 
few oases to be mixtures of the Kaolin and Illite groups 
of minerals suggestive of low to intermediate base holding 
capacity. Comparatively large quantities of iron oxide were 
also found to be characteristic of the series analysed, A 
more quantitative knowledge of the minerals Involved would 
better explain variances in some of the clay-base exchange 
relationships. 
A more direct relationship is found between the loss 
on Ignition and the base exchange capacity of the top-soils 
* • • 
in the aeries studied. 
Sxoept for the soils Influenced by limestone,base satu¬ 
ration and pH are relatively low.Calclum9mgneslumfand hydro¬ 
gen form the bulk of the exchangeable cations.The pH and 
base saturation are somewhat higher in the parent material, 
but does not necessarily mean the top-soil will be affected. 
Base saturation is only generally related to pH in 
the field soils studied.A lack of closer correlation may 
be due to variations in the nature of the clay. 
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